T HE accumulation of accurate iniformiation as regards operative mortality and results of surgery is basic to the advancement of the surgical management of any disease. It has been amply demonstrated by Lewis and Tauflc,1 Swan,2 Gross and associates, 3 Bailey and associates,4 Bj6rk and Crafoord,5 Gibbon, 6 Shumacker7 and ourselves8 that a number of technics of closure of atrial septal defects can be performed in man. It is likely that no one method in the near future will supplant all other technics at present in use. Advancement of knowledge ill the treatment of this condition depends oln the evaluationl of the results obtained by each of these operative technics.
It is the purpose of this paper to present in detail the results of operation ill our first 33 patients with atrial septal defect and left-toright shunt. To Dec. 1, 1955, 59 patients with atrial septal defects and left-to-right shunts, either alone or in combination with right-to-left shunts, have been treated by the atrial-well technic (with two exceptions as noted later ill this paper) at the Mayo Clinic. There have been three deaths in the entire series, including the one death (case 31) in the group reported here. The manner of death in this case during operation has been described in detail in a previous paper,8 in which the patient was listed as case 11. Although all of the patients to be discussed From 13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33   Age,  years   27  29  34  18  23  39   19  30  46  35  23  32  13  48  32  27  31  16   11   24  34  43  22  23  32  23  25  27  22  23  48  4 19 II  II  II  II  II  III  I  II  II  II  I  II  I  I  II  II  II  II  II  III  III  II  II  II  III  IV*  III  II  II  II  IV  IV  II sites of the heart and great vessels, have been detailed by us elsewhere.'0-'3 Calculations of the systemic and pulmonary flow were made in these patients by the method described by Swan, Burchell, and Wood, using oxygen saturation data. ' well, samples were withdrawn from the superior vena cava, the inferior vena cava and the right ventricle, and the oxygen saturations of these were determined by the use of the cuvette oximeter. At this time dye-dilution curves were recorded from the radial artery after the injection of dye through a venous catheter introduced previously through an antecubital vein and advanced so that the tip lay in the superior vena cava or an adjacent central vein.
In many of the cases studied postoperatively by cardiac catheterization, studies had been done in the operating room as well. Although in such cases the data collected in the operating room are not detailed, it can be stated that the agreement between the two sets of data is good. Figure 1 is an example of the type of data that was collected. Table 3 includes the saturation data and dye-curve results, and table 4 presents the intracardiac, pulmonary artery, and systemic arterial pressures.
RESULTS

Thirty
Some explanation of certain items of table 3 is required. The presentation is similar for the preoperative and the postoperative study. The oxygen saturation of blood withdrawn from the radial artery, superior vena cava, inferior vena cava, and the right atrium is indicated. The oxygen saturation of blood withdrawn from the pulmonary artery is given, unless no such sample was obtained, in which case the value for blood withdrawn from the right ventricle is given if available. All saturation data given were obtained while the patients were breathing air. Values for systemic and pulmonary flow are given, calculated from oxygen uptake and saturation data when these are available. '4 The magnitude of the left-to-right shunt as estimated by the dye-dilution pattern after central injection of T-1.824 is indicated by grade, grade 0 being no detectable left-to-right shunt, and grade 5 being complete anomalous venous drainage from a lung. Figure 2 indicates the correlation between the degree of shunting and the pattern of the curve for each grade. These curves are illustrative of the contour recorded after injection of dye into a right or left pulmonary artery. The contour of the indicator-dilution curves recorded after injection into the right and left pulmonary arteries indicates the degree of left-to-right shunting of the blood from each lung, and these separate values are included in table 3 . It is noted that in ordinary atrial septal defect the right lung may have a more abnormal dyecurve pattern than the left lung; there is, in other words, preferential shunting from the right lung. In the patients with anomalous pulmonary venous connection of the right lung and with atrial septal defect, the preferential shunting from this lung is either severe or complete, the latter instance producing the grade-5 curve. It is to be noted also that curves of a pattern compatible with grade 1 to 3 shunting are obtained from injection of dye into the main pulmonary trunk in atrial septal defect, as demonstrated in table 3. Grade 2-and 3-curves are indicative of a 50 to 80 per cent left-to-right shunt.
A patient is considered to have an excellent result from operation when no residual shunt is found. This outcome was present in 20 of the 26 cases termed excellent. Of the remaining six cases, three had a suggestion of a very small left-to-right shunt from saturation data or dye curves, but the complete study could not with certainty establish its presence. These cases are quite possibly hemodynamically normal. In three others the results are considered excellent, in spite of a small residual shunt, because the shunts appear too small to be of functional significance. Four patients are considered to have only fair results, although all are symptomatically improved, for three have residual left-to-right shunts of 35 to 40 per cent, and one (case 26) had a residual right-to. left shunt of 20 per cent when studied 2 weeks postoperatively. She was not visibly cyanosed. Pregnant at the time of operation, she subsequently had a normal delivery and now considers herself normal. Preoperatively, she had significant disability. The data are self-evident in the one poor result, the first case in which operation was performed by us, as discussed later in this paper.
Atrial 3. Preoperative and postoperative roentgenograms of the chest of a 5 year old boy who had repair of an atrial septal defect followed in 3 months by repair of a concomitant coarctation of the aorta. The first roentgenogram was taken two weeks before the atrial septal defect was repaired.
The second roentgenogram was taken 6 months after the correction of the coarctation. The two films were taken about nine and a half months apart. pulmonary venous connection to the right atrium was repaired by the use of an Ivalon sponge to channel the pulmonary venous return across the atrial septal defect into the left atrium. There is a suggestion of a minimal persistent left-to-right shunt 3 weeks postoperatively in the dye-dilution curve, but the saturation data do not indicate this. The patient is probably hemodynamically normal.* Atrial Septal Defect With Other Associated Defects. There is one patient with mitral stenosis and an atrial septal defect in whom a combined repair was carried out. She is adjudged to have an excellent result in spite of the presence of a very small residual left-toright shunt. One patient with severe pulmonary hypertension and mitral insufficiency associated with atrial septal defect died during operation, as noted in a previous paragraph. One patient, a 5-year-old boy in severe cardiac failure, had a coarctation of the aorta and an atrial septal defect. The atrial septal defect was repaired, and 3 months later the coarcta-* This patient has now been recatheterized one and one-half years postoperatively. There are no shunts, and he is hemodynamically normal. The data from the last study are not in table 3. tion was repaired. Indicator-dilution curves done at the time of the coarctation repair were entirely normal, indicating complete closure of the atrial septal defect. The patient is now clinically asymptomatic. Figure 3 compares the chest films taken of this patient 2 weeks before closure of the atrial septal defect and (6 months after correction of his coarctation.
COMMENT
The experience herein presented with a series of atrial septal defects, 21 
